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I. lOTROroCTION 
Reasons for the Investigation 
This investigation of the water-soluble non-protein nitrogenous constituents 
of a lfa lfa  was undertaken f ir s t , to isolate and determine what those constituents 
are; second, to determine their distribution in the Van Slyke method (20)^for the 
analysis of proteins; third, to make some estimate of the discrepancies intro­
duced in Van Slyke's analyses of a lfa lfa  or other feedingstuffs by the presence 
of such non-protein nitrogen bodies ( 18).
History of Previous Similar Investigations 
In spite of the fact that approximately 25 percent o f a lfa lfa  is  water- 
soluble (2'4 ), there is  but one record in chemical litei-ature of an attempt to 
determine the character of the water-soluble non-protein nitrogen of a lfa lfa . 
Steenbock ( 18 ) reports the discovery of stachydrin in the phosphotungstic acid 
precipitable substances obtained from a water extract of a lfa lfa . Jacobson (10 ) 
has made extensive studies of a lfa lfa  bat his extractives thus far have been 
ether and alcohol. He has isolated the ketones myristone and alfalfone. Among 
nitrogenous substances he describes the a lfa lfa  chlorophyl and a saponin 
C27Hi3 -^ 0x6 - latter is  unusual in that it  contains nitrogen. The a lfa lfa
saponin is very soluble in water but almost insoluble in alcohol. A quantita­
tive determination shows it  to be about 1 percent of air-dried a lfa lfa . He also 
has isolated two proteins and a b itter principle but has not as yet investigated 
their nature. Widstoe (23) and Widstoe and Stewart (2h) studied the composition 
of a lfa lfa  by means of a series of extractions using in sequence ether, alcohol, 
water, hydrochloric acid and sodium hydroxide. They made no attempt to isolate 
nitrogenous compounds; their results ware proximate in nature.
1
Numbers in parenthesis refer to bibliography.
2Scope and Ifethods
In this investigation it  was desired especially to determine those sub­
stances which are precipitated by phosphotungstic acid and would hence precip i­
tate with the hexone bases in the scheme of Van Slyke's analysis (2 0 ). A ll the 
work reported below dealt with the identification  of those substances which are 
obtained by precipitation with phosphotungstic acid. Lack of time prevented 
satisfactory exaicination of the ur^recipitable nitrogenous substances.
The method of extraction, purification of the extract, precipitation  of the 
bases and their recovery follo'A>ed generally the method engsloyed by Steenbock (18) 
in his work on stachydrin. The method of fractional precipitation  of the bases 
by means of silver nitrate is  a general procedure in separating plant bases (3). 
Kruger and Solomon's hydrolysis method of purine fractionation (1 and 2 ) was em­
ployed in identifying the constituents of the purine fraction  obtained.

In figure 1 , A, B and C are 20 gallon earthenware Jars with close fittin g , 
wooden covers. D is  a five lite r  round-bottomed flask serving as a steam trap. 
The glass tube ef with its  side tubes leading into Jars A, B and C is connected 
to a source of live  steam. The side tubes leading into the Jars are attached to 
the main tube ef by means of glass tees and rubber tubing. Pinchcocks p on the 
side tubes permit shutting o ff  the steam on any Jar.
The a lfa lfa  haj'’ was placed in clean muslin sacks which were securely tied. 
The capacity of these sacks was about 20 pounds of a lfa lfa .
For the extraction, one of the sacks was placed in Jar A. The Jar was then 
f i l le d  two-thirds fu ll of d istilled  water and closed with the wooden cover. The 
pinchcocks to Jars B and C were closed and steam was passed into A. Boiling was 
effected in about fifte e n  minutes and was continued for a period o f three hours. 
The steam was then shut o ff , the wooden cover removed, and the sack and its  con­
tents suspended above the Jar to drain. The sack was then transferred to Jar B 
and a fresh sack placed in Jar A. Jar B was f i l le d  two-thirds fu ll o f fresh 
water, the covers placed and steam was passed into Jars A and B for a period of 
three hours. The steam was then shut o ff  and the sacks suspended over the re­
spective Jars for a draining period of not less than one hour. The sack from B 
was then placed in Jar C, that from A in Jar B and fresh material Introduced into 
A. Jar C was f i l le d  two-thirds fu ll of fresh water, the covers placed and steam 
passed into the Jars for three hours. This was followed by a draining period.
As the water in Jar C at the end of this third extraction was not highly 
colored, the extraction of the f ir s t  lot of a lfa lfa  was considered su fficien tly  
conplete. The liquid in Jar A had become almost black in color. It was deemed 
su ffic ien tly  saturated and was removed for subsequent treatment.
To continue the scheme of extraction Jar A received fresh water and the sack 
from Jar B and became in e ffect Jar C. Jar B replaced Jar A and received fresh
alfa lfa . Jar C received the icaterial from jar A and took the place of ^ar B. 
Thus each bag of a lfa lfa  was extracted with successively more dilute solutions; 
each volume of liq,uid encountered successively fresher a lfa lfa  hay.
This method of extraction was used for the whole of the material.
The volume of the total extract obtained was 120 lite rs . The liqu id  was 
very dark brown, viscuous and had a pleasant odor resembling sor^um molasses. 
Evaporation to dryness of a test portion le ft  a black, voluminous, sirupy mass.
Normal Lead Acetate and Basic Lead Acetate Precipitation 
To the original extract without previous filtra tio n , dilution, evaporation, 
or addition of reagents was added a saturated solution of normal lead acetate.
A voluminous, yello\v precipitate was obtained. Addition of lead acetate was con­
tinued until no further precipitation resulted. Then without filte r in g , a con­
centrated solution of basic lead acetate was added to coniplete precipitation.
The basic lead acetate precipitate was of the same character as that produced by 
normal lead acetate except that it  was much lighter in color. TTie precipitate 
was removed by fi ltra t io n  on muslin and washed with dilute basic lead acetate 
solution until the washings were clear. The f i ltr a te  and washings am,ounted to 
about 250 lite r s . Excess lead was removed by passing hydrogen sulphide thru the 
boiling solution. The precipitated lead svilphide was filte re d  o ff  on paper and 
washed with hydrogen sulphide water until the washings were clear.
Precipitation with Phosphotungstic Acid 
The fi ltra te  from the lead sulphide,, s l i^ t ly  darkened by the long boiling 
was concentrated on a water bath to about one-fifth  its  in it ia l volume. The 
resultant liquid  was very deep brown in color. Concentrated H2SO4 was added to 
make a 5 percent solution. The nitrogen bases were then precipitated by the 
addition of 10 percent phosphotungstic acid was continued as long as immediate
precipitation resulted.^ The resultant precipitate, voluminous and semi­
crystalline, was removed hy fi ltra t io n  on a Buchner funnel. It was washed with 
dilute phosphotungstic acid in 5 percent H2SO4 ■until the washings were colorless. 
It was then washed twice with small amounts of d is t ille d  water.
Recovery of the Bases
For the recovery of the precipitated bases the precipitate was treated with 
Ba(0H)'2. The precipitate was triturated in a large mortar with sufficient water 
to make a thin paste. To this mixture was then added a hot, saturated solution 
of Ba(0H)2 and trituration  was continued. The texrperature rose rapidly both be­
cause of the hot solution and heat of the reaction. Pieces of ice were added to 
keep the temperature below C. and thus prevent deconposition of some of the 
bases. Addition of Ba(OH)- was continued ■until, after the mixfure was well t r i -  
t^urated, a test portion of the supernatant liquid gave an iniasdiate precipitate 
with NagCOg solution. Excess barium was also indicated by the formation of a 
film  of BaCOg on the surface of the liquid. Qualitative alkalin ity of the solu­
tion was not indicative of s^ufficient barium because the liberated bases them­
selves were strongly alkaline.
The precipitate of barium s i^olphate and bariiam phosphotungstate was at f ir s t  
blue but changed grad'ually to grey. The resultant solution of the bases varied 
in color from green to a final lark brown. During the reaction, strong ammonia- 
cal vapors were emitted.
The precipitate of barium sulphate and phosphotiongstate was removed by f i l ­
tration on a Buchner funnel. It was washed once with hot dilute Ba(0H)2 solution 
and then with boiling water until the washings showed no barium when tested with
UagCOg solution.
1
Contin^ued addition of phosphot^ungstic aicid gave a fine, white precipitate 
on standing. Even after the addition of large amounts of the reagent the 
precipitate continued to form. Its conplete precipitation was not attenpted 
because of the necessarily large amount of phosphotungstic aicid required.
7Excess bari\im was reicoved from the fi ltra te  and washings hy passin-g CO2 
thru the boiling solution. The BaCOg was removed by f i ltra t io n  and washed with 
hot water until the washings were colorless.
The entire solution was then evaporated to dryness on a water bath. A dark- 
colored, viscous mass, containing some crystals, remained. It was very hygro­
scopic and could not be brought to dryness by long heating on a mter bath. It 
was strongly alkaline and effervesced freely  when treated with HCl. It ’.vas 
readily soluble in water and alcohol.
Fractional Precipitation of Bases by means of Silver Nitrate
The entire mass of the bases was taken into solution with about three lite rs
1
of water. The solution was s l i^ t l y  a cid ified  with freshly boiled n itr ic  acid. 
The odor of this acid solution resembled that of honey. To the solution was 
added a 20 percent solution of silver nitrate until a test portion gave a brown 
precipitate of AggO with a solution of Ba(0H)2. indicated sufficient
content of AgNOg to coiipletely precipitate the "purine", "histidine" and "arginine" 
fractions.
The res’nlting precipitate, the "purine fraction", was l i ^ t  colored and 
characteristically gelatinous. It was allovired to set for 48 hours in darkness 
and was then filte red  o f f  on a hardened f i l t e r  paper on a Buchner funnel. This 
filtra t io n  was d ifficu lt  as the precipitate quickly clogged the paper. The pre­
cipitate, blackened by exposure to light, was washed with water slightly  acid 
with HNO3 until the washings were colorless.
The combined fi ltra te  and washings from the purine precipitation were treatec 
with Ba(0H)g solution until a test portion no longer showed a yellow precipitate 
with amnoniacal silver nitrate. A l i ^ t  brown, flocculent precipitate resulted
X
This boiling of the n itr ic  acid is  necessary to remove nitrous acid which.
would react with amino groups to give free nitrogen and oxy-compounds.
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It was filte red  on a Buchner fiannel and washed free from color with hot water.
A small Black residue, the "histidine fraction" remained.
Excess Ba(0H)g solution was added to the f i ltra te  and washings from the his­
tidine fraction . A fine Black precipitate, the "arginine fraction", was formed. 
It was removed By fi ltra t io n  and washed with hot dilute.Ba(OH)g solution until 
free from color and then once with hot water. A small quantity of fine Black 
residue remained.
The f i ltr a te  and washings from the arginine fraction  constituted the "lysine 
fraction." Excess Barium was removed by passing COg thru the hot solution. Traces 
of silver were removed with hydrogen sulphide. The fi ltra te  and tvashings from 
the BaCOg and AggS precipitates were evaporated to dryness on a steam Bath to re­
move Mig and vo la tile  amines. The residue was lighter colored than that ob­
tained Before treatment for removal of the pxirine, histidine and arginine frac­
tions. It could Be desiccated to a dry mass which was, however, strongly hygro­
scopic. It yielded COg on treatment with HCl and was strongly alkaline.
The residue was conpletely dissolved By 5*^ 0 oc. of hot water. The solution 
was diluted to 2000 cc. and the Barium, which remained as nitrate from the neu­
tralization of HNOg in precipitation  of the histidine and arginine fractions, was 
removed with HgS04. The solution was then made 5 percent acid with HgSO^  and 
the lysine fraction  precipitated as Before By the addition of 10 percent phos- 
photungstic acid in 5 percent KgS04. This precipitation was necessary to free 
the fraction  from injjxirities, especially HlvOg. A grey, semi-crystalline pre­
cipitate was obtained. It was filte re d  on a Buchner funnel and washed with 
dilute phosphotungstic acid in 5 percent H2SO4 until the washings were colorless. 
It was then '.mshed twice with hot water.
The conplete scheme of extraction, partia l purification  and separation of 
the vario\is fractions is  sTummarized in the suB;5®i’^ ®i outline.
A lfalfa  hay (152 pounds)
Water extract (120 pounds)
I
Lead acetate and Taasic lead acetate1 ^
Precipitate Fil trate
HgS
Precipitate - Lead sulphide Filtrate
5 pet. HgS04 and 10 pet. Phosphotungstic acid
1 7 TTPrecipitate - Nitrogen bases Filtrate
Ba(QH)2____________________________
Precipitate -  Bariuia phosphotungstate and BaSO^  Filtrate
COg
Precipitate -  BaCOg Filtrate
T
Precipitate -  Purines
orated to dryness
Water solution and AgNOg in dilute HNOg
Filtrate
Ba(0H)g to neutral solution 
“ 1 ^
Precipitate -  Histidine fraction Filtrate
Excess Ba(OH)
Precipitate - Arginine fraction Filtrate
*3 pet. HgS04 and 10 pet. Phosphotungstic acid 
Precipitate -  Lysine fraction
10
The Purine Fraction
The precipitate of the silver salts of the purines (p ■ 7 ) was suspended in 
about ^00 cc. of water, s ligh tly  acid with freshly boiled HNOg, The mixture was 
then brought to boiling and hydrogen sulphide passed into the suspension ( 1 ). 
This was continued for about an hour. The precipitated AggS was then removed 
by filtra tio n . The residue le ft  upon the f i l t e r  was suspended in about 200 cc. 
of water, acid with HKOg, the siispension brought to boiling and treated with hy­
drogen sulfide. The AggS was again fi lte re d  o ff . This process was repeated 
tw'ice, the final f i ltra te  being colorless.
The combined fi ltra te  and washings amounting to about I5OO cc ., light brown 
in color, was diluted to exactly 2000 cc. Three I5 cc. portions were taken for 
determination of nitrogen by the Dyer modification of the Kjeldahl method.
The results of these determinations are as follow s:
Amount
taken
15 cc.
15 cc. 
15 cc.
cc. ii_ alkali 
10
19.6U 
18.98 
19.1+0
ivlean I9.3^
On the basis of a mean value of U3.9 percent nitrogen for the fo v r  purines 
adenine, guanine, hypoxanthine and xanthine, using the mean value of 19-3^ cc- 
N 10 alkali an approximate total content of 8 grams of purines was indicated.
For the isolation  and identification  of the p-urines, the method of Kruger 
and Salomon (1, 2 and I3) was adopted.
25 cc. of concentrated HCl was added to the solution of the purines and the 
whole evaporated to dryness. A dark colored mass remained. There were large 
aggregates of black carbonaceous matter which had accumulated during the evapora­
tion. The mass was treated with water and evaporated to dryness. This latter 
treatment 'was twice repeated. The residue was then transferred to a Buchner
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f i l t e r  and extracted with cold water \intil a test portion no longer gave an irn- 
luediate precipitate with AgNOg. It was then washed twice with 95 percent alcohol 
and once with ether. The insoluble residue, the xanthine fraction, was set aside 
for examination for xanthine and guanine.
To the fi ltra te , the l^rpoxanthine fraction, was added ammonia to slight alka­
lin ity . The solution was allo^wed to stand for three days. Only a very slight, 
flocttulent precipitate formed. This was regarded as indicating absence of guanin* 
The solution was boiled to expel ammonia and to the cold solution was added a 
saturated solution of p icr ic  acid in small amounts until a test portion showed no 
further precipitation. A voluminous, amorphous, yellow precipitate resulted. It 
was removed by filtra tion , washed with cold water and examined for adenine picrate 
Under the microscope, the precipitate fa iled  to show characteristic crystals 
of adenine picrate. In order to obtain a better preparation, the precipitate was 
suspended in boiling water and a dilute solution of standard iSSaOH was added until 
GOirplete solution was effected. This solution was boiled with animal charcoal 
for thirty minutes. I fte r  removal of the charcoal, the solution was. again brought 
to boiling and HCl, equivalent to the NaOH used, was added. A yellow precipitate 
was formed. The solution was allowed to stand for twenty-four hours. It was ther 
examined microscopically but showed no characteristic form.
The precipitate was filte red  o ff , treated with dilute HCl and shaken in a 
separatory funnel with successive portions of ether until the ether layer ex­
tracted no more p icr ic  acid. The resultant reddish-brown solution was then boiled 
with small amounts of animal charcoal until practica lly  colorless. The charcoal 
was filte re d  o ff  and the solution evaporated to dryness . O.Q grams of a slight­
ly yellow crystalline substance remained. A portion o f it  was dissolved in a 
small amount of water and its  conduct toward certain reagents tested. Control
tests with a solution of hypoxanthine nitrate^ showed conclusively that the sub- 
1
This*hjp)Oxanthine nitrate was prepared by . H. C. Eckstein from pancreas.
la
Adeni na Sul) stance Hyp oxan thin
1 . Phosphotxmgstic acid + 4* •f
2. Silver nitrate 4“ 4-
3. Cupric sulphate •f - -
1+, Potassium dichromate + - -
5 . Potassium ferrocyanide - -
6. Potassium ferricyanide - -
7 . Cupric sulphate and sodium acid sulphite 4- 4- 4-
8. Cupric sulphate and sodium thiosulphate +
On warming On warming
9 . Mercuric chloride Opalescence Opalescence
10. Lead acetate - -
11. Basic lead acetate - -
12. Ammoniacal lead acetate 4- -f
13. Ammoniacal GaClg - -
ih. Amffioniaoal ZuClg - -
15. Strecker's test - -
16. Weidal's test - - -
17 . Piazo "benzene sulphonic acid + - -
IS. Picric acid + 4* f
19- Platinic chloride 4- 4-
20. A-oric chloride - -
21. Kossel' s test + 4- 4-
22. Ferric chloride 4- mm
Note: + indicates that a precipitate was formed or that a color test was positive. 
-  indicates no apparent reaction.
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stance was hypoxanthine hydrochloride.
The results of these testa are suniaarized in the table on page 1 2 . The con­
duct of adenine toward these reagents is  also indicated.
The xanthine fraction, obtained above, was treated with a 3 percent hot, 
sodium hydroxide solution, insoluble matter f i lte r e d  o ff and the solution allowed 
to set for several days. No separation resulted. The solution of an intense 
dark red color ms then warmed and added to two-thirds its  volume of n itr ic  acid 
(one part concentrated acid to one part water). An immediate precipitate re­
sulted. This precipitate ms fi lte re d  o ff  and washed with water s ligh tly  acid 
with HNO3. It was then redissolved in 3 percent NaOH and reprecipitated as be­
fore. A small amount of dark material amounting to about .U gram remained. It 
was readily soluble in NaOH and ammonia. The Weidel and Strecker tests (2 , p.
331) were applied repeate'dly but ivith negative results. It was not further in­
vestigated.
The Histidine Fraction
This fraction obtained by precipitation  by means of AgNOg from a neutral 
solution (p. 8 ) was very saall in quantity and was not examined for identifica ­
tion of any nitrogenous constituents.
The Arginine Fraction
This fraction  (p.8) was a l i t t le  larger than the histidine fraction  and an 
atteiipt was made to pi^rify it  for examination. It was treated with dilute HCl 
in the cold. Very vigorous evolution of COg resulted. The residue of AggO and 
AgCl that remained was vrell washed with dilute HCl and the washings combined with 
the f i r s t  extract. Barium was removed with HgSO^ . The fi ltra te  fron the BaSO^  
was icade 5 percent acid with H^ SO^  and 10 percent phosphotungstic acid in 5 per­
cent H2SO4 was added to complete precipitation. A small amount of white precip i­
tate was formed. This precipitate was filte red  o ff  and deconposed by means of 
Ba(0H)g solution. From the resultant solution excess bariugi was removed bj’’ means
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of COg. The fi ltra te  from the BaCOg yielded only a very slight residue upon 
evaporation. The residue was not further tested. Evidently the precipitate in 
the histidine fraction  was mostly AggO and BaCOg.
The Lysine Fraction
The phosphotungstic acid precipitate of the lysine fraction  (p. S) was t r i ­
turated in a large mortar with hot, saturated Ba(OH)g solution with the same pre­
cautions as before (p. 6). The precipitates of BaSO^  and barium phosphotungstate 
were removed by filtra t io n  on a Buchner funnel and washed with hot water until 
colorless washings were obtained. Excess barium was removed from the fi ltra te  and 
washings by passing COg thru the boiling solution. The precipitated BaCOg was 
filte re d  o ff and washed with boiling water. The light-brown colored filtra te  was 
then evaporated to dryness. A dark brown semi-crystalline mass remained.
The entire resid ’oe was treated with dilute HCl until no f^arther effervescence 
resulted. It was then again evaporated to dryness and extracted on a Buchner 
f i l t e r  with absolute alcohol as long as solution resulted. A mass of white crys­
tals remained upon the f i l t e r .  Only slight charring when heated to redness on 
platinum indicated that the crystals were inorganic. The residue was completely 
soluble in a small volume of water. A flame test showed the presence of potassium 
AgWOg gave a white precipitate, soluble in ammonia. Crystallization from water 
gave the cubical crystals characteristic of potassium chloride. Potassium was not 
unexpected as the potassium salt of phosphotungstic acid is  insoluble.
Evaporation of the alcoholic extract to a sirupy consistency resulted in the 
separation of a small amount of white crystals. These upon examination proved to 
be potassium chloride. The concentrated alcoholic solution was allowed to stand 
for ten days. Only a very s l i ^ t  separation of crystals resulted.
A test portion showed precipitation by an alcoholic solution of HgClg. The 
solution was therefore diluted with about JOq c c . of 95 percent alcohol, filte red
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from a ©nail amount of dark colored residue and precipitated by the addition of a 
saturated alcoholic solution of HgClg. I t  f i r s t  a white, crystalline precipitate 
formed. This changed rapidly to a heavy, black o il .  The o il was washed by decan­
tation with absolute alcohol. To the filtra te  and washings excess HgClg was addec
This resulted in the separation of brown crystals which grew on standing.
The o il  obtained in the f ir s t  precipitation was found to be fa ir ly  soluble in 
boiling water. Boiling with animal charcoal effected  marked decolonization. It 
was therefore boiled with small portions o f animal charcoal until a clear f i ltra te  
was obtained. Two such boilings were found to be sufficient. The charcoal used 
was well boiled out with d ist illed  water as it  adsorbed the material readily, 
tfercury was removed by passing HgS thru the boiling solution. The HgS was f i l ­
tered o ff  and washed with hot water as long as a test portion showed a precipitate 
with AgNOg.
The resultant f i ltr a te  obtained ms only s l i^ t l y  colored. On evaporation 
to dryness it  yielded a yellowish sirup. Tliis was treated with absolute alcohol 
and evaporated to dryness. A persistant sirup remained. It was dissolved in 
the minimum amount of 55 percent alcohol and the solution allowed to evaporate at 
room tenperature. Crystallization fa iled .
The solution was again evaporated and the sirup triturated on a Buchner f i l t e r  
with absolute alcohol. A highly colored alcoholic solution was drawn o ff. This 
trit-’jration was repeated with fresh qm ntities of alcohol until the alcohol no 
longer extracted coloring matter. A small amount of pure white crystals remained 
on the f i l t e r .
The alcoholic extract was concentrated to a sirup and re-extracted as before. 
More white crystals were obtained. The treatment was repeated until no more white 
crystals could be obtained. The fina l concentrate of the alcoholic extract was a 
black gum amounting to about one gram. It undoubtedly contained more of the
16
material slightly soluble in absolute alcohol.
The melting points of the different lo ts of crystals were ascertained. All 
were fomd to melt at 212°-2l4 C. (uncorrected) and on this criterion were com­
bined.
A small quantity of the substance m s heated in a test tube. The fumes iu)- 
parted a blood-red color to a pine splinter moistened with concentrated HCl. This 
test, the pyrrol test, indicated that the substance contained some derivative of 
pyrrol, pyrroline or pyrrolidir.e or a substance that in the process of heating 
resulted in such a ring. Apparently the substance isolated was stachydrin hydro­
chloride, (11, 17 , 18, 21 and 22).
The crystals obtained by precipitation with HgClg (p .l5 ) were sub^jected to thi 
same treatment as the oily  precipitate. The results were identical with those 
obtained on the o il. The final white crystals gave the pyrrol test and melted at 
2 1 2 °-2 lk °  C ., (uncorrected). They were combined with the crystals obtained above.
Stachydrin Hydrochloride
Stachydrin hydrochloride C7Hi3N0g,HCl is the hydrochloride of the betaine, 
stachydrin. Stachydrin, C7Hi3N0g, is the betaine of proline. It was f ir s t  iso­
lated by Yon Planta from Stachys tuberifera in I 89O (21). It was studied by Von 
Planta and Schulze in IS93 (22). Jahns (11), in IS56, reported its  isolation from 
orange leaves and suggested that it was a derivative of angelic acid. The present 
accepted structure of the free base is that proposed by Schulze and Trier in I9IO.
(17).
cpa—CHg
3Hg CH
/  \
CH3 CH3
The structure as given is  based upon the pyrrol reaction, the ultimate com­
position, the sim ilarity of its  reactions to that of betaine and from the syn­
thesis from hygrinic acid. Yoshimura and Trier (25) in I912 reported its  presence
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in several other plants. Stsenbock (18), in ISIS, reported its  isolation from 
a lfa lfa  hay.
A total of about 12 grams of stachydrin hydrochloride was obtained. It was 
very soluble in water, fa ir ly  soluble in alcohol, more so in 95 percent alcohol, 
insoluble in ether, chloroform, oarbontetrachloride, benzene and toluene. The 
entire amount was dissolved in water and the solution allowed to evaporate until 
crystallization  began. The crystals were coarse prismatic needles. The solution 
was decanted and the crystals washed with a sniall amount of alcohol and ether. The 
resultant crystals were transparent. They melted sharply with deconposition at 
2lh° C. (uncorrected). The mean corrected nelting point of several determinations 
was 219.2° C.
Nitrogen was determined by the Kjeldahl method.
.203U g. gave . 0lh l3 g. N - ------- --------------------------- 6.95 percent N.
Calculated for stachydrin hydrochloride--------------7.79 percent.
Chlorine was determined by direct precipitation  with AgNOs.
.0325 g. gave .025^ A gC l-------------------------------------- I9.U8 percent Cl.
Calculated for stachydrin hydrochloride--------------19-75  percent-
A curious discrepancy concerning the melting points of stachydrin and stachy- 
=lrin hydrochloride occurs in the literature. Jahns (11) reports the free base as 
melting at 211° C. (uncorrected). Steenbock (1 8 ) reports the hydrochloride melt­
ing at 211° - 21^° C. (uncorrected). Schulze and Trier (25) report 235° C. as the 
melting point of both the free base and the hydrochloride. The hydrochloride as 
obtained both from alcohol and water crystallization  showed a melting point of 
212°-214  C. (uncorrected) confirming the data of Steenbock. Wo explanation of 
the higher melting point given by Schulze and Trier has been arrived at.
The coincidence of melting points of stachydrin and of stachydrin hydrochlor­
ide was suspected to be due to a decoaposition of the latter at some teiiperature 
below the apparent melting point. Accordingly a transparent crystal of the hydro­
chloride was placed in a large csp illary tube and heated slowly in a bath of con-
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centrated HgS04. As the teuperature approached IQO® C. the crystal hecame opaque 
and at 200° had fa llen  to a white powder. As the crystals were anhydrous, loss of 
HCl at this teBperatui’e and conversion to the free base is  the most logica l ex­
planation. Qualitative evidence of the expulsion of HCl was not obtained.
An atteupt was icade to form the carbamino salt of stachydrin. .2 gram of
stachydrin hydrochloride in a suspension of CaCOH)^  was treated with COg. It was 
then filte re d  into five volumes of absolute alcohol. The flocculent precipitate 
formed was dissolved in HCl. Determination o f the nitrogen content and a test with 
phosphotungstic acid showed the absence o f stachydrin and therefore that it  does 
not form an insoluble carbamino salt.
The free base is neutral in reaction. The hydrochloride is strongly acid. 
Eepeated evaporation to dryness of the hydrochloride results in no loss of HCl in- 
dicating that probably l i t t le  or no hydrolysis occxirs. <13S6 g. stachydrin hy­
drochloride required 7-^5 oo. KaOK to neutralize to liethyl red. The theoretical
10
equivalent of !£_ KaOH is 7-76  co. The low result may be due to some loss of HCl,
10
which ho'vwver is  not due to hydrolysis, but slow loss of HCl at higher tenperatures 
These facts combined with the accepted structure of the free base may indicate that 
stachydrin hydrochloride has the following structure:
<?Hs— jJHg 
CHg p — C=0
p u —Cl \ h
CHg \:H3
This formula shows the acid ity  to be due to the hydrogen ion from a free carb­
oxyl grovp. The fact that the chlorine may be directly precipitated by Agl'I03 
does not alter the facts because chlorine attached to pentavalent nitrogen is  gen­
erally so precipitated.
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III. CONCLUSION
Dijring the course of this investigation two non-protein nitrogenous substancei 
hypoxanthine and stachydrin, have been isolated and identified  in the phospho- 
tungstic acid fraction  of a water extract of a lfa lfa . Also a third substance,too 
small in amount to be positively  identified, has been obtair^ed in an inpure state. 
Its conduct in the analysis and the fact that hypoxanthine very rarely occurs in 
its  absences indicates that it  is  probably xanthine. Potassium also was found in
the phosphotungstic acid precipitate.^ Its presence in plants in the absence of 
precipitable nitrogenous substances in quaritity might be misleading in analyses by 
the Van Slyke method. The three nitrogenous substances isolated above, since they 
are not decomposed by the strength of alkali used in the arginine determination 
and do not give nitrogen when treated with nitrous acid would be calculated as 
histidine, and, since lysine involves the value of the histidine nitrogen, the 
lysine nitrogen would be found low, perhaps even negative.
It was found that stachydrin hydrochloride decanposes without melting into 
stachydrin and hydrochloric acid and that the stachydrin melts then at 212° - 2lU° C. 
(uncorrected). The corrected melting point is  21$ .2° C.
Stachydrin solutions colored i.vith plant pigments were decolorized by boiling 
the double salt of the hydrochloride and OBrcuric chloride with animal charcoal.
It was found that stachydrin does not form an insoluble carbamino salt.
1 structure of stachydrin hydrochloride, based ipion the accepted betaine 
structure of the free base and certain determined properties, has been axiggested.
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